INTRODUCTION
Despite important advances in neuroimaging, surgery, radiation therapy, and chemotherapy, the prognosis of patients with malignant astrocytomas is still very poor (1, 2) .
Surgery followed by high-dose radiotherapy is considered the standard treatment for high-grade astrocytoma (3) (4) (5) . More recently, the addition of chemotherapy (temozolomide) to radiotherapy for newly diagnosed high-grade glioma (HGG) patients has produced a statistically significant survival advantage (6) . However, the results obtained are generally unsatisfactory and suggest exploration of new approaches to this very aggressive disease.
To evaluate the clinical and therapeutic management of malignant astrocytoma patients in Italy, 12 Italian radiation oncology centers decided to collaborate in the analysis of their patterns of practice during the last 2 decades, to create a background for future studies. This report is related to the decision to create a group for the study of central nervous system tumors, which was approved by the Steering Committee of the Italian Society for Radiation Oncology in June 2005.
The data pertaining to 1722 patients treated for primitive glial tumors (World Health Organization [WHO] Grade 1-4) were collected and used for survival analysis (7) .
METHODS AND MATERIALS
To analyze the patterns of practice and to better elucidate the variations in accrual, staging procedures, and treatment over time, the recruitment period was divided into three parts: 1985-1990, 1991-1996, and 1997-2001 . Out of the 1,722 patients considered, 211 were treated in the first accrual period, 652 in the second, and 859 in the third. This is because the databases of the majority of the 12 participating centers did not date back to 1985, and two centers started their activity in the 1990s. When considering only the databases of the six centers contributing information on their patients consecutively treated since 1990, inclusive, the accrual for these tumors seems to be only slightly increasing (overall, 928 patients; average yearly accrual, 77 patients; range, 63-83 patients; accrual 1990 -1995, 450 patients, 48.5%; accrual 1996 -2001, 478 patients, 51.5%).
These patients were treated according to the institutional policy of each center but without the strict selection criteria of a prospective clinical trial. This is a largely unselected series, including approximately 90% high-grade and 10% low-grade astrocytomas. Forty-six percent of the patients with low-grade astrocytoma were aged Ͼ50 years or had a neurologic performance status score (NPS) of 3 or 4, according to the Medical Research Council scale (8) . Among WHO Grade 3 and 4 patients, approximately two thirds of the patients (68%) were aged Ͼ50 years or had an NPS score Ն3. This is at variance with most randomized trials and guidelines reports for high HGG, which include a much smaller proportion (Յ40%) of unfavorable patients (9) .
Features of the centers
Twelve radiation oncology centers located in central and northern Italy participated in the analysis. Of these, nine are academic centers treating 500 -2000 patients per year, and three are regional hospitals treating Ͼ1000 patients per year. The technical equipment in each institution includes at the time of this writing at least two high-energy treatment units and one three-dimensional (3D) treatment-planning system; however, the technological facilities have evolved in each center over time.
The fraction of all the new patients treated yearly for central nervous system tumors ranged, on average, for each center and during the evaluated period, from 1.7% to 9.1%.
The patients were usually referred for radiotherapy by the neurosurgeon and treated in accordance with different protocols in the different institutions and, within each center, according to the patient and tumor features. Nevertheless, all the centers were able to provide at least the basic data required for the pattern-ofpractice study. Several meetings were held with the participating researchers to ensure the homogeneity of the data. In particular, the criteria chosen to reclassify histology according to the WHO classification, when needed, were clearly defined in "ad hoc" meetings.
The contribution of each center to the whole data set ranged from 1% to 21%. No significant differences have been observed in the distribution of the different clinical and therapeutic features or in outcome between academic and regional institutions.
Patient and tumor features
Between 1985 and 2001, 1,722 patients aged 18 -91 years (median, 59 years), affected by histologically verified cerebral astrocytoma, underwent radiotherapy, after surgery, at the participating institutions. The original histology reports were reclassified, when needed, according to the WHO classification (7); Grade 3 and Grade 4 tumors represent the overwhelming majority of the cases (18% and 72%, respectively). The male/female ratio for the entire series was 1.6/1 (1,070/652).
The NPS scores (Table 1 ) (8) at diagnosis, after surgery, and at the first and last follow-up visits after radiotherapy were collected or defined in retrospect from the clinical records, when possible. Owing to the retrospective nature of this study, data regarding the initial NPS scores were unavailable and/or could not be retrieved from the clinical records of the referring neurosurgical unit in a substantial fraction of the patients. Conversely, they were always obtainable after surgery from the clinical records of the radiotherapy departments participating to the study. The NPS scores at the first and last follow-up examinations after radiotherapy were also collected; however, mainly because two centers had a "no active follow-up" policy for these patients, these data were available only for approximately half of the patients. The fraction of cases with different NPS scores after radiotherapy was therefore calculated only for patients actively followed. Data on the Karnofsky performance status (10) were also collected, but they were even more incomplete and therefore are not reported here.
The site of origin of the tumor was detailed for each patient. Sites were defined as follows: frontal, parietal, temporal, occipital lobes, corpus callosum, periventricular area and basal ganglia, mesencephalon, and cerebellum. The involvement of two or more sites was also registered, with the dominant site specified. A single site was involved in 58.2%, two sites in 39.1%, and more than two sites in only 2.6% of the patients. Frontal lobes were most frequently involved (in 18.4% of the patients as a single site, plus in 18.9% as the dominant site when two or more than two sites were involved), followed by the parietal (12.2% single site, 15.4% dominant) and by the temporal lobes (18.1% single, 4.1% dominant). Overall, frontal, parietal, or temporal lesions (single or dominant) were present in 87.5% of the patients.
The largest diameter of the tumor as measured by the radiologist on the preoperative computed tomography (CT) and/or magnetic resonance imaging (MRI) scan (considering the entire lesion with the enhancing border, when present, but not the surrounding edema) was also retrieved from the original diagnostic report. Participating institutions agreed on this method of evaluating tumor diameter because it limits inter-institutional uncertainties.
Patient and tumor features for the whole series of 1,722 patients are summarized in Tables 2 and 3 .
Imaging procedures
Data were collected to analyze the imaging procedures used before surgery, after surgery, and at the first follow-up visit after radiotherapy ( Table 4) . The fraction of patients undergoing the different imaging procedures at the first examination after radiotherapy has been calculated considering only the total number of patients receiving active follow-up (n ϭ 1,252) and not the entire series (n ϭ 1,722), as specified previously.
Characteristics of treatment
The features of the treatments delivered are summarized in Table 5 .
Before radiotherapy, all patients underwent different surgical procedures (biopsy only or partial or macroscopically radical removal of the tumor, respectively in 25%, 31%, and 44% of patients).
Approximately two thirds of the patients were treated with limited-volume radiotherapy: to the site of the disease with adequate margins, in one or two phases (64%), the remaining with whole-brain irradiation, with or without a boost ( Abbreviation: NPS ϭ neurologic performance status. Significance of the differences between periods for each factor analyzed were tested with the chi-square test. Percentages (in parentheses) refer to the total number of patients in each accrual period.
* Missing values are not considered for the calculation of the significance of the differences, nor in the computation of percentages. † For the data on NPS at the follow-up visits after radiotherapy, only the patients with sound information in the clinical records out of the 1,252 actively followed have been considered (refer to Methods and Materials).
doses ranged from 5 to 74 Gy (average, 54.8 Gy; median, 60 Gy). The vast majority of the patients were treated with fraction doses in the range of 1.8 -2 Gy (conventional fractionation, 88%). Beam energy was that of a cobalt unit in approximately half of the patients (45%); 6-MV or Ͼ6-MV photons from a linear accelerator were used in 41% and in 13% of patients, respectively. The Table 3 . Tumor characteristics in the three accrual periods and for the entire series of 1,722 patients (5) 20 (3) 18 (2) 49 (3) 2 27 (13) 43 (7) 59 (7) 129 (7) 3 46 (22) 114 (17) 149 (17) 309 (18) Significance of the differences between periods for each factor analyzed were tested with the chi-square test. Percentages (in parentheses) refer to the total number of patients in each accrual period. Abbreviations: CT ϭ computed tomography; MRI ϭ magnetic resonance imaging; NS ϭ nonsignificant; PET ϭ positron emission tomography; SPECT ϭ single photon emission computed tomography.
Significance of the differences between periods for each factor analyzed were tested with the chi-square test. Percentages (in parentheses) refer to the total number of patients in each accrual period.
* For the data on imaging at the first follow-up visit after radiotherapy, only the 1,225 patients with sound information in the clinical records out of the 1,252 actively followed have been considered (refer to Methods and Materials). majority of the patients were treated with a simple method of target identification (simulator, 64%); 24% had a two-dimensional (2D) and 12% a 3D plan. Data about more advanced techniques show that only a small fraction of the patients had conformal (16%) or stereotactic radiotherapy (0.1%).
Most patients (75%) were treated with steroid support during radiotherapy, and a limited number (272, 16%) received chemotherapy. Single-agent chemotherapy was administered to 175 of 272 (64%). In decreasing order of frequency, nitrosoureas (81 patients, in 11 of whom the drug was administered intra-arterially), temozolomide (77 patients), lonidamine (9 patients), platinum derivatives (5 patients), and procarbazine (3 patients) were used. Temozolomide was almost exclusively used during the last period of accrual (76 of 77 cases), whereas nitrosoureas were used with the same frequency between 1990 and 2001 and only rarely before. The use of lonidamine was restricted to the 1985-1990 accrual period.
The remaining 97 chemotherapy-treated patients (36%) had combination chemotherapy. Nitrosoureas where used in combination chemotherapy in 42 patients, vinca alkaloids in 31 patients, procarbazine in 25 patients, and platinum derivatives in 19 patients. Procarbazine, vincristine, and CCNU (20 patients) was mainly administered.
Follow-up
The policy of follow-up was very different in the different centers, ranging from bimonthly visits and imaging (CT or/and MRI) to visits at different intervals (usually bimonthly to quarterly) without imaging; two centers adopted a "no active followup" policy, sometimes collecting information from the general practitioner or not conducting any follow-up at all.
Part of the data about survival was collected from the statistical office of the patient's city of residence, from the general practitioner, or from the relatives. Patients who did not have any visit (28) 181 (22) 402 (25) Abbreviations: RT ϭ radiotherapy; 2D ϭ two dimensional; 3D ϭ three-dimensional. Significance of the differences between periods for each factor analyzed were tested with the chi-square test. Percentages (in parentheses) refer to the total number of patients in each accrual period.
since the end of the treatment and for whom it was impossible to acquire sound information were considered lost to follow-up (approximately 27% of the total number, 470 patients). This group of patients pertains mainly (401 of 470, 85%) to the two center that had a "no active follow-up" policy for this pathology; therefore, all the patients from these centers were excluded from the survival analysis. The median duration of follow-up for the remaining 1,321 patients was 238 days (range, 0 -5,801 days), with only 69 additional patients (5.2%) lost to follow-up and excluded from survival analysis. This left 1,252 patients available for survival analysis, with an average follow-up of 309 days (range, 1-5,801 days).
Patients not undergoing active follow-up or lost to follow-up were obviously also excluded from the evaluation of the postradiotherapy pattern of practice.
It should be emphasized that, even with these precautions being taken, the quality-of-life data (neurologic status) can be considered less sound, owing to the differences in follow-up policies among the different centers.
Statistical analysis
The patterns of practice, the clinical, pathologic, and therapeutic features of the entire series, and the differences in their distribution in the three accrual periods previously defined were analyzed and their significance evaluated with the chi-square test.
Survival analysis was applied only to the 1252 patients receiving active follow-up, as previously described, and their main features are reported in Table 6 . The actuarial overall survival, not corrected for other causes of death, was calculated from the end of radiotherapy to the death date or to the last vital status information for living patients. Survival was calculated with the Kaplan-Meier method. Actuarial survival values in the different subsets were compared with the log-rank test (univariate analysis) and the Cox regression test (multivariate analysis). All the analysis was performed with the Statistical Package for the Social Sciences for Windows, version 12 (SPSS, Chicago, Ill.). Table 2 ). The same trend was evident for NPS registered after surgery and at the postradiotherapy follow-up visits (Table 2) . Although the data on the initial and the postradiotherapy NPS were flawed by a substantial number of missing values, it is interesting to note that the fraction of patients with the best NPS almost doubled after surgery, then remained stable up to the first follow-up visit, to decline again at the last postradiotherapy follow-up visit (Table 2) .
RESULTS

Patterns-of-practice analysis
A slight but significant increase in the fraction of female patients was also documented (Table 2) .
Glioblastoma multiforme was the most frequent histologic subtype treated in the entire period (72%) and progressively Table 3 ).
The maximum tumor diameter at diagnosis progressively decreased with time; in particular, larger lesions (Ͼ5 cm) became less frequent (p [chi-square] ϭ 0.001, Table 3 ).
Imaging procedures. Brain CT scan was the main imaging procedure in all the accrual periods (used alone in 41% of the patients before surgery, in 59% after surgery, and in 30% after radiotherapy). A CT scan coupled with MRI or MRI alone was obtained, respectively, in 49% and 10% of the patients before surgery, 11% and 9% after surgery, and 5% and 19% after radiotherapy. One or more of these imaging procedures were always used for staging; approximately 60% of the patients had an MRI scan before surgery. However, no imaging procedure was used in 21% of the patients after surgery and in approximately half (46%) of them after radiotherapy ( Table 4) .
The increasing use of imaging and, in particular, of more sophisticated techniques was documented in the more recent years at diagnosis, before radiotherapy, and during followup. The fraction of patients not undergoing any imaging procedure decreased significantly in the subsequent accrual periods (p ϭ 0.000, Table 4 ). In addition, the data show that MRI is progressively replacing brain CT to evaluate brain tumors (Table 4) .
These changes were less evident in the postsurgical phase of the diagnostic and therapeutic process.
Single photon emission computed tomography and positron emission tomography were used in Ͻ5% of the patients, mainly during the last accrual period.
Treatment. Surgery became more often macroscopically radical with time (35%, 41%, and 48%, respectively, in the three periods, p [chi-square] ϭ 0.02, Table 5 ).
Radiotherapy was directed to smaller volumes in the most recent period compared with the previous ones (site of disease with margins, one or two phases: 83% of the patients in the third period vs. 24% in the first period and 51% in the second, p [chi-square] ϭ 0.0000, Table 5 ).
A cobalt teletherapy source was used in approximately half of the patients throughout the three subsequent accrual periods; the fraction of the patients treated with Ͼ6-MV beams decreased progressively among those treated with higher-energy beams from a linear accelerator (25%, 14%, 10%, p [chi-square] ϭ 0.0000, Table 5 ).
Bidimensional and 3D treatment planning, as well as conformal radiotherapy, were increasingly used in the last accrual periods (p [chi-square] ϭ 0.0000, Table 5 ).
The use of more sophisticated techniques seemed to be particularly relevant for patients treated with higher doses or with smaller fraction sizes. For example, the fraction of patients for whom 2D and 3D planning has been applied increased from 21% to 23% to 47% in the subgroups treated with total doses of Ͻ50 Gy, 50 -59 Gy, and Ն60 Gy, respectively; corresponding values for conformal treatments were 11%, 17%, and 17%. The use of simple plans (simulator only) was more frequent in patients treated with larger fraction sizes (Ն2.5 Gy, 87%) as opposed to the others (62%); corresponding values for conformal treatments were 9% and 17%.
Total radiation doses of Ն60 Gy were used in the majority of the patients (52%), but the use of this dose level decreased in the last two accrual periods, after 1990 (from 66% to 49% and 51%, p [chi-square] ϭ 0.0000, Table 5 ). "Intermediate" doses (50 -59 Gy) were used in approximately the same proportion of patients in the three accrual periods (respectively, 28%, 34%, and 32%, Table 5 ). Thus, the decrease in the fraction of patients treated with the higher dose level was compensated by a parallel increase in the subgroup treated with the lowest doses (Ͻ50 Gy: 6%, 17%, and 17% in the three subsequent accrual periods, respectively). Table 6 . Median survival (in days) and percent surviving at 1, 2, and 5 years in the whole series of 1,252 patients actively followed and in the different clinical and therapeutic subgroups (Kaplan-Meier) Abbreviations as in Tables 1, 2 , and 4. Significance of the differences between subgroups was evaluated by log-rank test (univariate analysis).
However, doses should be analyzed jointly as total dose and dose per fraction. The decrease in the use of the higher dose level during the more recent years is more understandable when one considers the increase in the use of higher doses per fraction (Ն2.5 Gy) in the same accrual period (2%, 10%, and 10%, respectively, Table 5 ). In fact, of the 155 patients treated with doses per fraction Ն2.5 Gy, 152 (98%) were treated after 1990 and 130 (84%) with doses Ͻ50 Gy. As previously stated, these patients were treated more often than the others, with simpler treatment techniques. This same subgroup was characterized by a higher proportion of patients with NPS scores of 3 or 4 after surgery (37%, as opposed to 13% for the whole series, p [chi-square] ϭ 0.0000) and of patients aged Ͼ60 years (66%, as opposed to 44% for the whole series, p [chisquare] ϭ 0.0000).
Chemotherapy was increasingly used with time (p [chisquare] ϭ 0.0000, Table 5 ). Chemotherapy was administered to 22% of the patients treated with total radiation doses of Ն60 Gy, as opposed to only 8% of those treated with lower radiation doses (p [chi-square] ϭ 0.0000). The use of chemotherapy was also strictly related to the NPS of the patient and was delivered to 21%, 13%, and 11% of the patients who after surgery had NPS scores of 0 -1, 2, and 3-4, respectively (p [chi-square] ϭ 0.0000). The group undergoing chemotherapy was characterized by a smaller proportion of patients aged Ͼ60 years (37% vs. 45% for the whole series, p [chi-square] ϭ 0.015).
The use of steroids also significantly increased with time (Table 5 ) and was particularly frequent in patients with worse NPS after surgery (69%, 79%, and 90%, respectively, in patients with NPS scores of 0 -1, 2, and 3-4, p [chisquare] ϭ 0.000) and in those treated with lower radiation doses (83% and 75%, respectively, in patients treated with Ͻ50 or Ͼ50 Gy, p [chi-square] ϭ 0.02). In the last accrual period (after 1996), the use of chemotherapy was twice as frequent in those patients not receiving steroids as in the others (22% vs. 11%).
Survival analysis
In the overwhelming majority of the 1252 evaluable patients, the cause of death was the tumor, and for this reason only the actuarial overall (uncorrected) survival was evaluated and is reported.
Univariate analysis. One-year and median survival values did not change significantly (p [log-rank] ϭ 0.2) in the three subsequent accrual periods: 40% (median, 308 days), 36% (median, 292 days), and 40% (median, 299 days), as shown in Fig. 1 .
The subgroup analysis of survival is reported in Table 6 . Among the factors related to the patient and to the tumor, older age, male gender, a worse postsurgical NPS, and Grade 3-4 disease were all significantly related to worse survival (Table 6 and Fig. 2) . A similar trend was evident for a larger tumor diameter and for a presurgical worse NPS.
Among the therapy-related parameters, biopsy as the sole surgical procedure was strongly related to worse survival (p [log-rank] ϭ 0.0003).
A higher radiation dose was strongly and significantly related to a better outcome (p [log-rank] ϭ 0.0000, Table 6 ). A smaller fraction size and a smaller treated volume were also significantly related to a better outcome (Table 6) . However, when patients treated with both higher (Ͼ50 Gy) or lower total doses were considered separately, a significant difference in survival according to the fraction size was not observed. Conversely, a significant dose effect existed for patients treated with both small and large (Ն2.5 Gy) fractions (Fig. 3) . None of the other radiotherapy-related parameters showed a significant correlation with prognosis. Survival was slightly but not significantly better for patients treated with a linear accelerator (as opposed to the cobalt unit) or with a 2D or 3D plan (as opposed to plans realized with the simulator only), as shown in Table 6 .
Chemotherapy-treated patients (p [log-rank] ϭ 0.02) and those able to be treated without steroid support (p [log-rank] ϭ 0.0000) also had a better outcome (Table 6) .
Multivariate analysis
Multivariate analysis for overall survival is reported in Table 7 . All the variables significant at univariate analysis were entered in the initial Cox model. The final model retained all these variables except for type of treatment planning and beam energy (Table 7) .
However, as previously shown, smaller fraction sizes did not seem to have an independent prognostic effect; moreover, radiotherapy volume and fraction dose, as well as the use of steroids and of chemotherapy, were strictly related to the performance status of the patients. In fact, when all these variables were excluded from the initial Cox model, the significance of the differences in overall survival between the postsurgical NPS categories increased greatly (data not shown).
The factors retained in the final model did not change when the subdivision of the series into the three accrual periods was introduced into the initial model (data not shown).
DISCUSSION
Pattern-of-practice analysis
The whole set of variations over time of the different patient, disease, and treatment features seem to point to a coherent change in the clinical behavior of the participating centers during the last two accrual periods.
Patients treated more recently were, on average, older, with worse NPS and more often with WHO Grade 4 disease. This might be an effect of the variation of the sample size in the three subsequent accrual periods, but it probably also reflects an increase in the incidence of gliomas in older patients (11) and a change in the selection criteria applied by the participating institutions, more recently offering radiotherapy to a larger fraction of the patients with worse prognostic features. This issue has been the subject of ample debate in the literature, but the option of not giving radio- Fig. 3 . Survival of patients (n ϭ 90) treated with low total doses (Ͻ50 Gy) and large fractions (Ն2.5 Gy); of patients (n ϭ 93) treated with low total doses (Ͻ50 Gy) and small fractions (Ͻ2.5 Gy); and of patients treated with higher total doses (Ͼ50 Gy) and small (Ͻ2.5 Gy, n ϭ 1048) or large (Ͼ2.5 Gy, n ϭ 21) fractions. Differences in outcome according to fraction size, within each total dose group, are not significant. Differences in outcome according to total dose, within each fraction size group, are highly significant (p [log-rank] Ͻ0.000). Abbreviations as in Tables 3 and 5 . therapy at all has not gained much popularity and possibly should be applied only to older, bedridden patients who do not benefit from surgery or steroids, at least according to some guidelines and published evidence (12, 13) . Modern imaging procedures have been increasingly used for preoperative staging, after surgery, and after radiotherapy. Magnetic resonance imaging is progressively replacing brain CT over time. However, a relevant fraction of the patients did not undergo brain CT or MRI after surgery, and even more after radiotherapy, even in the most recent accrual period. Thus, in more recent years, the initial diagnostic process seems to be more complete, the disease seems to be diagnosed at an earlier stage, and a smaller proportion of patients (approximately 15%, with a median survival of only 5 months) is missing an accurate preradiotherapy diagnostic workup. When these data are compared with data from other published series, some additional comments can be made. The Glioma Outcome Project (GOP) analyzed the patterns of care in a relevant series of 565 patients with HGG treated 1997-2000 in 52 clinical sites in the United States (14) . In this series, MRI was obtained before surgery in 92% of the patients: this compares with a 75% value for the 1997-2001 accrual period of the present series. The majority of the published reports consider MRI as the imaging procedure of choice for glioma patients (15, 16) and CT a complementary procedure. Therefore, in this relatively large sample of the centers caring for glioma patients in Italy, there is room for improvement in the use of imaging for staging and postsurgical evaluation.
In recent years, surgery has been more often macroscopically radical, probably because of the introduction of technical innovations and because of the smaller average tumor size. Data from the GOP regarding the extent of surgery confirm that the majority of patients receive gross total surgery (57%) and a minority biopsy only (7%). Corresponding values for the present series are 48% and 22%, but only 22% of our patients had an NPS score of 0 -1 at diagnosis, whereas in the GOP series a mean Karnofsky performance status score of 81 was reported (14) . Moreover, comparisons regarding the completeness of the surgical excision should be considered cautiously. The fact that in the GOP series 20 -30% of the surgical procedures were conducted with the neuronavigation technique testifies to the technical advances made in the surgical management of these patients.
The more recently accrued patients were also more often treated with radiation doses of Ͻ50 Gy and with larger fraction sizes, but more sophisticated radiation techniques (such as 3D and conformal plans), smaller target volumes, and fraction sizes were increasingly used, especially when higher doses (Ն60 Gy) were prescribed.
This seems to point to the adoption of simpler techniques, smaller total doses, and larger fraction sizes for the worse prognostic categories of patients. This change probably reflects the attempts of many clinical researchers to identify hypofractionated schemes suitable for palliation for poorprognosis patients (17) (18) (19) (20) . The Neuro Oncology Disease Group of the Cancer Care Ontario Practice Guidelines Initiative states that "this option would be particularly appropriate for patients who are both older and with poor performance status" (12) .
At the same time, younger, more fit patients are treated more aggressively, with higher total doses; consequently, smaller fraction sizes and treated volumes are used. These three parameters are, in fact, strictly related. This is in accordance with the randomized evidence of the favorable prognostic impact of higher total doses (1, 9, 12) and of the equivalence of survival rates in patients treated with smaller volumes (thus avoiding an unnecessary treatment burden) (21, 22) .
In addition, chemotherapy has been more frequently used in the patients of the present series treated more recently (1997-2001, 21% of patients). The corresponding value for the patients recruited during the period 1997-2000 and reported by the GOP is, however, 54%. The difference between these observations might be explained by the negative results of randomized trials using the older chemotherapy schemes and by the fact that the efficacy of temozolomide was only recently documented (6, 23, 24) .
The increase in the use of steroids during the radiotherapy course in the more recent accrual periods might well be due to the parallel increase in the fraction of patients with a worse NPS score after surgery.
Survival analysis
The factors more significantly related to survival in this series match the data from the literature (1, 2, 25-27): specifically, younger age and a lower WHO grade were among the major determinants of a better outcome. Female patients experienced a better outcome than male patients, as less frequently reported (28) .
The analysis of the effect of the patient performance status on outcome was flawed by the small number of patients with the assessment of the Karnofsky index; in addition, the NPS was available for the entire series only after surgery. Nonetheless, a better postsurgical NPS was significantly linked with a better prognosis at both univariate and multivariate analysis, and its relevance is clearly shown in the literature (25, 29) . The prognosis of the patients with a postsurgical NPS score of 2 or more is very bad (their median survival is approximately 8 months, Fig. 2 ). These patients represents more than half of our series, and the evaluation of NPS before an appropriate treatment option is chosen is therefore of the utmost importance. Recent reports, in fact, suggest that, especially for poor-prognosis HGG, "quality adjusted survival" or "good quality survival" (strongly linked with neurologic status) is a better measure of outcome than uncorrected survival (30, 31) .
Regarding treatment related factors, more extensive surgical procedures are strongly linked with a better prognosis at univariate and multivariate analysis, in accordance with the large majority of the contributions published on this issue (1, 9, 26, 32, 33) . However, median survival in the present series was much lower for patients undergoing biopsy alone (210 days) but not very different between the groups treated with "partial" or "radical" surgery (306 and 318 days, respectively). Similar data have been reported by Chang et al. (34) and by other groups (35) .
Radiotherapy total dose was strongly related to survival at univariate and multivariate analysis. Although a clear advantage was documented for patients treated with doses Ͼ50 Gy, the difference between the groups treated with 50 -59 Gy and with Ն60 Gy was much smaller. Similar observations were seen in randomized studies and guidelines; however, the pattern of failure for malignant gliomas is such that a large number of studies explored and continue to explore dose-escalation protocols (12) . This is probably one of the reasons why younger, fit patients of the present series underwent, particularly in more recent years, highdose, more sophisticated treatments.
The use of smaller fraction sizes and limited-volume radiotherapy was significantly related to a better prognosis, but these factors clearly depend on the postsurgical NPS, because more sophisticated treatments are offered mainly to more-fit patients. In addition, as previously shown, fraction size does not seem to reliably predict outcome independently of total dose. The available randomized studies do not show a survival advantage for patients treated with smaller volumes but rather only equivalent results compared with those treated with larger volumes (21, 22) . Accordingly, in the present series, neither the use of conformal techniques nor the use of 2D and 3D planning were significantly related to a better prognosis at univariate and multivariate analysis. Finally, when all the factors defining the technical advances applied (including fraction size and treated volume) were omitted from the initial Cox model, the significance of the differences in outcome according to the postsurgical NPS greatly increased.
Similar considerations might be applied to the use of chemotherapy, which was also linked to a better prognosis at univariate and multivariate analysis. However, the data produced by the GOP also show better survival for chemotherapy-treated patients, and those investigators state that the association of chemotherapy and radiotherapy should be further explored and more frequently used (14) . This might be a reasonable statement for some subgroups of malignant glioma patients, especially considering that important randomized data on temozolomide efficacy have been published after the recruitment period of the patients included in both our analysis and in that of the GOP (6).
In our series, the use of steroids was significantly linked with a worse prognosis at both univariate and multivariate analysis. In this case as well, a bias cannot be excluded, because the minority of patients not given steroids more frequently have a better NPS and, again, the significance of the differences in outcome according to the postsurgical NPS greatly increased when steroid use was excluded from the initial Cox model of multivariate analysis.
CONCLUSIONS
This study was conducted within the framework of an organizational effort aiming at the establishment of an Italian cooperative study group for central nervous system tumors, under the aegis of the Italian Society of Radiation Oncology.
The data collected seem to confirm the empiric observation that many Italian radiation oncology centers are moving toward two main patterns of practice: the use of rapid, tolerable, symptomatic-palliative treatments for poor-prognosis, high-grade gliomas; and the aggressive treatment of younger, fit patients with more favorable prognosis.
This background might favor the design and conduct of appropriate multicenter prospective trials, on a national basis, aiming at the definition of adequate standards of care for this often neglected group of tumors.
The definition of standards of care is particularly relevant in an era of limited funding for caregivers, because the allocation of resources proportional to the different needs of the malignant glioma patients should be stated, even more than in the past, on a sound and rational basis.
